In an attempt to alleviate a labour problem for weeding in maizebean intercropping, impact of several preemergence herbicides on weed control, injury and yield were evaluated at different rates in Tetovo locality, Republic of Macedonia, in 2012 and 2013. The most dominant weeds were Amaranthus retroflexus, Chenopodium album, Echinochloa crusgalli and Solanum nigrum. Linuron, pendimethalin, dimethenamid + terbuthylazine, isoxaflutole, pendimethalin + isoxaflutole and pendimethalin + linuron have been identified as promising herbicides to control weeds in maize-bean intercrop. Two-years testing of these herbicides showed that dimethenamid + terbuthylazine applied at higher rate (3.0 L/ha), and pendimethalin + isoxaflutole provided nearly 100% control of prevalent weeds. Lower rate of dimethenamid + terbuthylazine (2.5 L/ha) and pendimethalin + linuron, provided control levels of predominant weeds bigger than 92% and 84% in both experimental years. Isoxaflutole reduced the amount of predominant weeds in maize-bean intercrop, except Echinochloa crus-galli, by 100% in 2012 and 96-99% in 2013. Linuron does not provide effective control of Echinochloa crus-galli, but consistently controlled predominant Chenopodium album, Amaranthus retroflexus and Solanum nigrum greather than 94%, while pendimethalin provided control level bigger than 88% for predominant Amaranthus retroflexus, Chenopodium album and Echinochloa crus-galli and 52-46% for Solanum nigrum. No visual maize injures were determined by any herbicide rates in the both year. Dimethenamid + terbuthylazine treatments caused minimal bean injury (10% or less), but isoxaflutole alone and in combination with pendimethalin caused serious bean injuries (19-40%) evaluated 56 14 and 28 DAT. In both years, no significant differences were recorded between maize yield in all studied herbicides (except linuron in 2013) and weed-free control. Only isoxaflutole alone and when it was applied with pendimethalin significantly decreased bean yield compared to the weedfree control.
Introduction
Farmers practice different cropping systems to increase productivity and sustainability (Hauggard-Nielsen et al., 2001) . One of them is intercropping which is a type of mixed cropping and defined the agricultural practice of cultivating two or more crops in the same space at the same time (Ofori and Stern, 1987; Butorac, 1999; Kostov, 2003) . The use of intercropping, usually by smallholder and peasant farmers, is a common practice (Ofuso-Amin et al., 2007) that dates back to ancient civilization (Dahmardeh et al., 2009) in the tropics (Banik et al., 2000) and rain-fed areas of the world (Dhima et al., 2007) . Intercropping generate beneficial biological inter actions between crops, increasing grain yield and stability (Anil et al., 1998) , more efficient using available resources, reducing erosion and nutrient leaching (Mucheru-Muna et al.,. 2010 ) and reducing weed pressure (Poggio, 2005; Banik et al., 2006; Kadziuliene et al., 2009) .
Maize has been recognized as a common component in the most intercropping systems. It seems to dominate as the cereal component of intercrop and it is often combined with different legumes (Anil et al., 1998; Maluleke et al., 2005) . Legume-cereal intercropping, especially maizebeans intercropping, is common throughout Central and South America (Singh et al., 1986) , Peruvian Andes (Early, 1990) , East and Southern Africa (Giller, 2001 ). This intercropping, as well, is a common practice on small farms in Republic of Macedonia, particularly in Polog Valley, where climbing types of beans and maize are planted together. Farmers commonly use maize-beans intercropping to secure food production by averting risk, and to maximize utilisation of land and labour, through decreasing the weed population and their competitive ability (Tsubo et al., 2005) . Hauggard-Nielsen et al., (2001) found that there was an increased efficiency in utilizing environmental resources for plant growth and a better competitive ability towards weeds as compared to sole crops. Intercropping increase light interception by the weakly competitive component and can, therefore, shorten the critical period for weed control and reduce growth and fecundity of late-emerging weeds (Baumann et al., 2000) . Mugabe et al., (1982) noted intercropping maize-beans controlled weed effectively and reduce the harvestable biomass. Maize-beans intercropping reduced weed biomass by 50-66% when established at a density of 37,000 plants/ ha for maize, and 222,000 plants/ha for beans (Mashingaidze, 2004) .
Beside positive examples of weed pressure reducing, many authors indicate the limiting effect of intercropping on the number and biomass of weeds (Amanullah et al., 2006; Banik et al., 2006; Carruthers et al., 1998; Gharineh and Moosavi, 2010; Poggio, 2005) . For example, in investigation of Oryokot (1984) , intercropping maize and beans showed no consistent effect on weed suppression. Because of that, weed control is an important factor in profitable maize-bean crops production. A number of weed controlling methods are available in maize-bean crops production, but their affordability predominantly depends on the financial power of small-scale farms (Moody and Shetty, 1981) . Farmers can control weeds by cultural means, such as crop rotation, inter-and intra-row cultivation, which are more affordable to them than the chemical ones. Herbicides are not widely used in the agro-ecological condition of Polog valley, especially under intercropping, although weeds can be effectively controlled by use of them. Ashton and Monaco (2003) reported that work done in the communal areas, showed that the use of herbicides, combined with tine tillage, is a better and cheaper option for controlling weeds by smallholder farmers. Herbicides increase the capacity of smallholder farmers to deal effectively with weed pressure, especially during the critical weed free period.
Taking into consideration necessity of chemical weed control for stable maize-bean intercrop production, the objective of this study was to investigate the effectiveness of some herbicides for controlling weeds in maize-beans intercropping system, and, in same time, to estimate herbicides injury effect.
Material and methods
The field studies were conducted in Tetovo locality, Republic of Macedonia, in 2012 and 2013 on Fluvisol sandy loam (Filipovski, 2006) with 10.50% coarse, 63.10% fine sand, 26.40% clay+silt, 2.66% organic matter and pH 6.7. The seedbed was prepared by moldboard plowing in the autumn followed by two passes with a field cultivator in the spring. Before seeding in the spring, fertilizer was incorporated at rates indicated by soil tests. The experimental design was a randomized complete block with four replicates, and harvest plot size of 20 m 2 . The field studies were carried out with local bean variety "Tetovec" and maize hybrid "ZPSC 677" which were seeded in a well-prepared seedbed at a seeding rate of 40 kg/ha and 20 kg/ha, respectively, on April 26 th , 2012 and May 1 st , 2013, respectively. The interrow spacing was 70 cm and seeding depth was about 5 cm. The following treatments were included in the study (Table 1) : Table 1 . Active ingredients, trade names, and rates of herbicides
All herbicides were applied preemergently (PRE) 1 day after seeding with a CO 2 -pressurized backpack sprayer calibrated to deliver 300 L/ ha aqueous solution at 220 kPa. Plots were irrigated 3-4 times depend on natural rainfall for moisture as this is the normal practice in maizebean production in Polog valley. Untreated and weed-free controls were included in the studies. Weed-free control was maintained by 2 hoeing + hand weeding to eliminate the confounding factor of weed interference on maize-bean intercrop. Maize-bean crop injury was estimated visually using of 0 to 100% scale, where 0% = no maize-bean injury and 100% = all maize-bean plants death (Frans et al. 1986 ). Maize-bean plant injuries were rated 14 and 28 days after treatment (DAT). Weed control efficacy was estimated 28 and 56 DAT by the weed plants counting, and herbicide efficacy was calculated by equitation (Hasanuzzaman et al., 2008) :
Wup where: W CЕ -weed control efficiency Wup-number of weeds in the untreated plots Wtp-number of weeds in the treated plots
Maize-bean crop yields were determined by mechanical harvesting from 1m 2 from each plot. Maize was mechanically harvested at physiological maturity on September 5 th , 2012 and September 14 th , 2013, and yield was adjusted to a 15% moisture level. Bean yield was determined at crop maturity (i.e., 90% golden pods) by mechanically harvesting on October 7 th , 2012 and October 22 nd , 2013, and recording the weight of the harvested sample (after removing any non marketable material). Yield was adjusted to 18% moisture.
Data collected for two years studies were subjected to the analysis of variance (ANOVA). Treatment mean differences were subjected to statistical analysis applying LSD-test at 0.05 probability level (Steel et al., 1997) .
Results and discussion
Weed control and herbicide efficacy: Dominant weeds in this study as determined by quantification and qualification of non-treated control plots included Amaranthus retroflexus (AMARE), Chenopodium album (CHEAL), Echinochloa crus-galli (ECHCG) and Solanum nigrum (SOLNI).
Data regarding herbicide efficacy presented in Table 2 and 3 show that all investigated herbicides had a significant (P<0.05) effect on weed density per m 2 . Prevailing weed control by herbicides was not consistent over the treatments. Herbicide efficacy of linuron in both years and pendimethalin in 2013 was broad lower due to domination of Echinochloa crus-galli and Solanum nigrum, respectively. Linuron is mainly active against broadleaf weeds, and pendimethalin generally poor controlled Solanaceae weeds, including Solanum nigrum (Kostov, 2006; Frost and Hingston, 2006) .
Because of that, efficacy of herbicides in control of prevailing weeds 28 and 56 DAT was ranged of 48% to 100% in 2012 and 32% to 100% in 2013, respectively (Table 2 and 3) . Particularly high efficacy, regardless year and predominant weed species, showed higher rate of dimethenamid + terbuthylazine (3.0 L/ha) and pendimethalin + isoxaflutole, respectively which provided nearly 100% control of prevalent weeds. These results are supported by findings of Schönhammer and Freitag (2012) . According them, Spectrum Gold (dimethenamid + terbuthylazine) applied PRE at 3.0 L/ha excellent controlled (>92% and >96%, respectively) broad-leaved (Galinsoga parviflora, Chenopodium hybridum, Amaranthus retroflexus, Polygonum lapathifolium, Chenopodium album, Solanum nigrum) and grass weeds (Setaria viridis, Echinochloa crus-galli, Digitaria sanguinalis) in maize. Dimethenamid in combination with imazethapyr provided 95% control of Amaranthus retroflexus, Ambrosia artemisiifolia, Chenopodium album, Sinapis arvensis, and Setaria viridis in white and kidney beans (Soltani et al., 2007) . Vasilakoglou et al., (2013) reported for excellent long-season control of common lambsquarters (Chenopodium album L.) with S-metolachlor plus terbuthylazine in common vetch (Vicia sativa L.), lentil (Lens culinaris Medik.), chickpea (Cicer arietinum L.) and red pea (Lathyrus cicera L.). In the study conducted by Chomas and Kells, (2004) pendimethalin and isoxaflutole provided great (98%) and consistent control of triazine-resistant common lambsquarters (TR-CHEAL) in corn. Lower rate of dimethenamid + terbuthylazine (2.5 L/ha) and pendimethalin + linuron, provided control levels of predominant weeds bigger than 92% and 84%, respectively 28 and 56 DAT for both experimental years. Linuron (1 lb/a) + pendimethalin (2 pt/a) provided 93% control of Senecio vulgaris, Solanum sarrachoides and Amaranthus retroflexus dominant weeds evaluated in seed carrots grown commercially in Oregon (Butler et al., 1996) . Linuron + s-metolachlor Dual Gold 960 EC applied in maize were 100% effective against Brassica napus, Viola arvensis and Capsella bursa-pastoris. The stress of drought in the next year greatly reduced the effectiveness of weed control to the Chenopodium album and Brassica napus (Sulewska et al., 2012) . Isoxaflutole reduced the amount of predominant weeds in maizebean intercrop, except Echinochloa crus-galli, by 100% in 2012 and 96-99% in 2013. Reduction of Echinochloa crus-galli was 85-76% in 2012 and 81-72% in 2013, respectively. In this direction are results reported by Marković et al., (2008) . According them, isoxafluthol (0.09 kg/ha) applied immediately after maize sowing excellent controlled Solanum nigrum, Chenopodium album and Amaranthus retroflexus (100%), but Echinochloa crus-galli was poor controlled (75%). Similarly, Brown and Masiunas (2002) reported that isoxaflutole at 0.11 kg ai/ha, provided 97% and 91% control of Amaranthus retroflexus and Ipomoea hederacaea, respectively in pumpkin when rated 21 days after treatment. Linuron does not provide effective control of Echinochloa crus-galli, but consistently controlled predominant Chenopodium album, Amaranthus retroflexus and Solanum nigrum greather than 94%, 28 and 56 DAT for both years. Similar results are reported by Pacanoski and Glatkova (2014) . According them, linuron applied PRE at 2.0 L/ha provided more than 98% and 95% control of pre-vailing Chenopodium album and Amaranthus retroflexus, respectively in green beans. In cranberry bean production linuron applied PRE at the doses of 2000 and 2500 g/ha provided 99 to 100% control of Amaranthus retroflexus, 95 to 98% control of Ambrosia artemisiifolia, 66 to 100% control of Chenopodium album and 99 to 100% control of Sinapis arvensis (Soltani et al., 2011a) . Pendimethalin provided control level bigger than 92% at 28 and 56 DAT in 2012. In 2013, for same period of efficacy estimation, control level for predominant Amaranthus retroflexus and Echinochloa crusgalli was bigger than 88%, and 52-46% for Solanum nigrum. Khan et al., (1991) studied pendimethalin and reported that this herbicide significantly decreased weed population over weedy control in maize crop. Similar, according Khan and Haq (2004) , pendimethalin at 4.49 kg/ha applied PRE gave >94% control of Digitaria sangunalis, and Trianthema portulacastrum in maize crop. In white bean, pendimethalin provided 97% control of Amaranthus retroflexus, 90% of Chenopodium album, and 96% of Setaria viridis (Soltani et al., 2013) . Visible maize-bean intercrop injury: One problem of using herbicides in a maize-bean intercrop is that there is a limited selection of herbicides that will control weeds without also injuring one or both of the crops.
However, no visual maize injures were determined by any herbicide rates in the both year, and consequently none of the applied herbicides reduce maize grain yields (Table 4) . But, dimethenamid + terbuthylazine treatments and isoxaflutole alone and in combination with pendimethalin caused visibly bean injures. In the both years, dimethenamid + terbuthylazine applied at 2.5 and 3.0 L/ha caused minimal bean injury (5-8%, and 8-10% at 14 DAT, and 2-5% and 3-6% at 28 DAT, respectively), mainly transient chlorosis on the first leaves. Injured plants recovered as the season progressed without adverse effect on bean yield. From the other side, isoxaflutole alone and in combination with pendimethalin caused serious bean injuries in both years. Injury symptoms included reduced growth, leaves bleaching, and chlorosis followed by necrosis. Non-recovered injured plants significantly affected bean yield. In 2012, isoxaflutole alone and when it was applied with pendimethalin caused 27 and 21% bean injury, respectively, at 14 DAT. Crop bean injury increased over time, and by 28 DAT, injury was 36 and 25%, respectively. Similar situation was recorded in 2013. Isoxaflutole alone and when it was applied with pendimethalin caused 32 and 19% bean injury, at 14 DAT, and 40 and 27%, respectively at 28 DAT (Table 4) . Similarly, visible injury symptoms on snapbean included leaf bleaching and stunting, and injury ranged from 40 to 90% in plots treated with 53 g and 210 g/ha isoxaflutole, respectively (Felix and Doohan, 2005) . Isoxaflutole reduced shoot dry weight and yield as much as 81 and 44% in cranberry, 52 and 39% in black, 53 and 19% in kidney, and 42 and 19% in white bean, respectively (Robinson et al., 2006) . Similar variations in injury have been reported by many other authors in different crops with isoxaflutole. Sprague et al., (1999) reported 55% injury to corn from isoxaflutole applied at 132 g ai/ha, and Wicks et al., (2007) reported 67% injury from isoxaflutole applications in field corn. Isoxaflutole 75 g a.i./ha caused unacceptable crop injury to vegetable soybean. (Pornprom et al., 2010) . Similarly, isoxaflutole plus atrazine caused as much as 28% injury and decreased plant stand, biomass and yield of soybean as much as 7, 49 and 42%, respectively (Soltani et al., 2011b) . 
